Introduction
Keratometric behaviour can be described as the overall change in an individual's keratometric or anterior corneal state over time which is influenced by known and unknown factors, both of which cause continuous fluctuations in the corneal curvature 1 . The introduction of a contact lens onto the corneal surface is one of the known factors that affect keratometric behaviour but the full extent of its effect remains vague. Studies conducted in an attempt to understand the influence that a rigid contact lens has on keratometric behaviour have all concluded that there is generally an increase in corneal curvature [2] [3] [4] [5] [6] . However, the methods used for data analysis in these studies were either incomplete or incorrect.
A more recent study 7 , which made use of more appropriate multivariate methods of analysis, led to the discovery that apart from the expected overall stigmatic increase in corneal curvature there were also ortho-antistigmatic changes (an increase in corneal
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Although poorly understood, keratoconus can be easily identified by the characteristic signs of the disease which include corneal thinning, Vogt's striae, Fleisher's ring, corneal scarring, scissoring reflex with retinoscopy, reduced spectacle compensated visual acuity and an oil drop reflex with ophthalmoscopy. Instruments such as topographers and keratometers also assist clinicians in making their diagnosis of keratoconus 10 . Mild keratoconus can usually be managed with spectacle correction or soft contact lenses, however, as the disease progresses, rigid contact lenses become necessary to provide satisfactory vision. As mentioned before, placing a contact lens onto the corneal surface will probably influence keratometric behaviour. The aim of this study was to investigate the short term effects of PMMA contact lens wear on keratometric behaviour in keratoconic patients. To our knowledge, there have not been any studies of this nature published to date. Auto-keratometric measurements were taken immediately before and immediately after three hours of PMMA contact lens wear in an attempt to understand how a non gaspermeable rigid contact lens affects keratometric behaviour. This study is also unprecedented in that the data obtained were analysed using multivariate statistical methods.
Methods
A 21-year-old male patient was referred to the University of Johannesburg's Optometry clinic for an eye examination for suspected keratoconus. This patient had been using spectacle compensation for five years and complained that his current spectacles no longer provided him with adequate vision for his daily tasks. The case history revealed that the patient did not have previous experience with contact lens wear. He did not have a family history of keratoconus nor did he have any health problems. Although there was no history of atopy, he did report eye rubbing. This patient fitted the criteria that we set for our pilot study, that is, he was a mild keratoconic (as classified by the Oculus Pentacam), had no previous history of contact lens wear and he was a healthy individual with no other systemic or ocular problems other than the keratoconus. This study involved taking auto-keratometric measurements immediately before and immediately after the tolerance trial (which took place from 10am to 1pm). The tolerance trial is a clinically accepted trial period of three hours of PMMA contact lens wear that all new potential contact lens patients go through before dispensing regular use rigid gas permeable contact lenses. The trial period is long enough to be a provocative test in that any corneal compromise that may be induced by the presence of a contact lens will probably occur within the three hour period. During this consultation the patient was informed about the prospective study and gave his informed consent to continue as a study subject. The results of some of the preliminary tests are presented in Table 1 . Table 1 . Results from refraction, best compensated visual acuity and slitlamp biomicroscopy.
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It was evident from the preliminary testing that the left eye was more severely affected. Clinical experience has suggested that instruments such as the Pentacam do not necessarily trigger automatically and that the auto-keratometer cannot be focussed adequately if the keratoconic cornea is in advanced stages, therefore it was decided that only the right eye be used for this study to ensure that the instruments were adequately utilized.
On the second consultation the patient was fitted with various trial lenses in an attempt to find the best cornea-to-lens fitting relationship (both eyes were fitted but for the purpose of this study only the details of the right eye are deemed pertinent). The right eye was eventually fitted with a tricurve contact lens of base curve 7.4 mm, optic zone diameter of 7.50 mm, total diameter of 9.30 mm and power of -3 D. The patient's visual acuity improved to 6/6 with an over-refraction of -2 D. Corneal topography can be estimated with the aid of the Pentacam measurement and fluorescein fit as illustrated in Figures 1 and 2 respectively. Before the tolerance trial commenced during the third consultation, 60 auto-keratometric measurements were taken of the right eye with a Nidek ARK-700 auto-keratometer. The auto-keratometer was the instrument of choice for this study as it provided a swift method of taking keratometric measurements. The auto-keratometer provides less variation and bias than the manual keratometer 11 and the accuracy of this instrument has been established in previous investigations 12, 13 . The patient was seated in front of the auto-keratometer and instructed to keep both eyes open, blink normally and fixate on the instrument's target whilst measurements were taken. He was also asked to remove his head from the forehead and chin rest between measurements so that the instrument could be re-aligned for each measurement. It took approximately 29 minutes for the first set of 60 measurements. The pre-selected trial lenses were then inserted and he was asked to return after three hours. The patient was also asked not to do any strenuous physical activity as this has been shown to affect keratometric behaviour 14 . When the patient returned three hours later, his eyes were checked with a slitlamp for any signs of corneal compromise. The contact lenses were then removed and immediately another 60 autokeratometric measurements were taken of the right eye. The duration of the second set of measurements was 19 minutes. The keratometric data collected was transformed into dioptric power matrices. This was achieved using software designed specifically for this purpose by with modifications made by Rubin. The transformed data was in a suitable form to allow for multivariate statistical methods of analysis.
Results
Stereo-pair scatter plots facilitate our understanding of statistical data by providing a visual representation of each measurement. One can observe the three dimensional percept of the stereo-pairs by allowing one's eyes to drift into an exo-position (outwards). Each dot on the scatter plot is a dioptric power representation of each keratometric measurement taken. Figures 3-8 represent stereo-pair scatter plots. The origin was chosen to represent the power 46I +0J -2K D. Each stereo-pair scatter plot includes a 95% ellipsoidal surface of constant probability density (distribution ellipsoid) which provides an indication of the spread of the sample based on the ellipsoid's size, shape and orientation. Figures 3 and 4 show the stereo-pairs representing the keratometric measurements taken prior to contact lens wear (S1-sample 1) and after three hours of contact lens wear (S2-sample 2) respectively. Figure 5 is a representation of Figures 3 and 4 superimposed. It is clearly evident from Figures 3 to 5 that there is more variation before contact lens wear (red data points) than after three hours of contact lens wear (blue data points). This variation occurs predominantly along the stigmatic axis and can be verified by the quantitative statistics represented in Table  2 . The three possible outliers in Figure 3 and the one possible outlier in Figure 2 seen outside the ellipsoid (points which the investigators assumed as irregularities in the sample) may have influenced the variation observed. When the stereo-pairs in Figure 3 are fused, one will notice that the spread of the majority of the data points do not coincide with the orientation of the ellipsoid. Therefore it was decided to remove all possible outliers from both samples to see what effect the possible outliers have on the results (Figures 6 to 8 and Table 3 ). When comparing Figures 3 and 6 , an obvious change in size, shape and orientation of the distribution ellipsoid can be seen. However, there is a less dramatic change induced in the second sample with the removal of possible outliers as is evident when comparing Figures 4 and 7 . Figure 8 provides a representation of Figures 6 and 7 superimposed. Hy-pothesis testing 19 of means and variance-covariance matrices (Table 4) was done on the data both with and without possible outliers. These tests were done at a 95% confidence level. The null hypothesis was rejected if the test statistic was greater than the critical value. According to the hypothesis testing there was statistically significant change in keratometric behaviour for means (test statistic: 18.95 for sample including possible outliers and 31.18 for sample devoid of possible outliers) and variances (test statistic: 122.65 for sample including possible outliers and 43.36 for sample devoid of possible outliers) after contact lens wear even when possible outliers were removed. Table 4 provides further information on the hypothesis tests. Table 2 . Statistics (mean powers in conventional and scientific notation, variance-covariance matrices and volume) for auto-keratometric measurements taken before three hours of contact lens wear (S1) and after three hours of contact lens wear (S2). These samples include possible outliers. Table 3 . Statistics (mean powers in conventional and scientific notation, variance-covariance matrices and volume) for auto-keratometric measurements taken before three hours of contact lens wear (S1) and after three hours of contact lens wear (S2). These statistics represent the samples devoid of the possible outliers.
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Discussion
Variations in keratometric data can always be expected when conducting studies that include measurements taken on human subjects 7, 20, 21 . This could be due to a plethora of reasons some of which include fluctuations in the tear layer and other ocular components, eye movements, blinking and clinician-instrument interaction. This is what makes the interpretation of such studies challenging. In an attempt to provide the most complete and accurate analysis possible, samples with and without possible outliers will be discussed.
On inspection of Figures 3-5 it is obvious that there is more keratometric variation present before contact lens wear (suggesting that rigid contact lens wear might have provided some sort of stability in that keratoconic cornea). This is further substantiated by the quantitative statistics presented in Table  2 . For a deeper understanding of the quantitative statistics presented in this paper, refer to publications by Harris 15, 16, 19, 22, 23 . Hypothesis testing also verified that there was a statistically significant difference in keratometric behaviour after contact lens wear. However, when comparing the means of S1 and S2, the change in keratometric behaviour does not appear to be clinically significant. Overall, the most change occurred along the stigmatic axis, however, there were also changes that occurred along the ortho-antistigmatic and oblique-antistigmatic axes as well (refer to the variance-covariance of S1 and S2 in Table 2 ).
After possible outliers were removed from S1 and S2 the keratometric variation decreased. There was a dramatic change in the size, shape and direction of the ellipsoid representing S1 but less of a change in the ellipsoid representing S2 (compare Figure 3 with 6 and Figure 4 with 7) . With the possible outliers removed, the spread of the data points coincides with the orientation of the ellipsoid for both samples (Figures 6 and 7) . Even though the keratometric variation was reduced with the removal of the possible outliers, the hypothesis testing still showed that contact lens wear statistically significantly influenced keratometric behaviour and Table 3 provides further support for this finding. However, the three hours of contact lens wear had little clinically significant affect on the keratometric behaviour.
As this was a pilot study, one would expect a few shortcomings. It is unlikely that a three hour period would allow for diurnal changes to make a significant impact on keratometric behaviour, however, there was no control group therefore diurnal effects may need to be considered. Other limitations of the study include an inadequate number of subjects, measurements taken before and after a three hour period only instead of at regular intervals throughout the day and Table 4 . Results for hypothesis testing on the means and variance-covariance matrices of S1 and S2 with and without possible outliers.
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Conclusion
So what exactly does this all mean? The introduction of a PMMA rigid contact lens onto a keratoconic cornea appears to reduce variation in keratometric behaviour (possibly bringing about some sort of stability to the keratoconic cornea). However, it is still unclear if all of the variation observed can be totally attributed to the presence of the contact lens. Rigid contact lens wear also seemed to cause a stigmatic increase in corneal curvature which was statistically significant but perhaps not necessarily clinically significant (approximately 0.25 D difference in the spherical component of the conventional mean). Apart from the obvious stigmatic increase in corneal curvature, there were also changes that occurred along the ortho-antistigmatic and oblique-antistigmatic axes as well (refer to the variance-covariance of S1 and S2 in Table 2 ). The multivariate statistical methods used in this study provide a sound foundation for further investigations that are necessary in this area of research so that a better understanding of the keratometric behaviour of the keratoconic cornea can be achieved. The first investigator of this study is currently involved with further studies investigating the effect of rigid contact lenses on keratometric behaviour in normal corneas.
